The article is devoted to an experimental study of the dynamic characteristics of the four-beam frequency filter under consideration in various power consumption modes. Based on the PSpice program, a typical power supply circuit for LED lamps was modeled. The peaks of the harmonic series reflect the power of the higher harmonics relative to the fundamental harmonic. In the three-phase mode of the lighting systems switching, the filter compensating device according to the four-beam "star connection" scheme is more efficient. The experimental results showed that the content of the 3rd harmonic, when the filter of the compensating device is turned on, exceeds the permissible state standard specification by 5% only in the 6-fold asymmetry mode in the current of the main power supply. Thus, in three-phase networks, using a four-beam passive harmonic filter, it is possible to suppress the higher harmonics of nonsinusoidal voltages and currents effectively. The filtering level of the harmonic components provides a significant reduction in the non-sinusoidality of the current and, as a result, an increase in the quality of electricity, as well as a reduction in power losses in the filter compensating device, a decrease in the overall dimensions of the filter and its cost.
1.
1. Introduction The power supply of LED lighting which is being actively introduced causes contamination of the power supply network by harmonic components of the load current [1] . The frequency range for the real power consumption of the PSU-40-UA-B40 LED luminaire is shown in Figure 1 . The oscillogram of the harmonic spectrum contains the 3, 5, 7 and 9 harmonics [2] . In practice, the "four-beam" three-phase FCD scheme (Fig. 3) is more preferable than the traditional one ( Fig. 2) during the three-phase mode of the lighting system switching [3] . The simulation of the three-phase non-linear load with the emission of high-frequency harmonics into the supply network is implemented by IA3, IA5, IA7, IA9 frequency generators for phase A, IB3, IB5, IB7, by IB9 frequency generators for phase B and by IC3, IC5, IC7, IC9 frequency generators for phase C with frequencies and amplitudes corresponding to the harmonic number, which is represented by the network diagram in Figure 3 . To test the filtering properties of the four-beam filter (Fig. 4) , the analysis of the non-linear symmetric load mode was performed ( Table 1 ). The current spectrum of the nonlinear symmetric load is presented in Figure 5 . The amplitude values of the higher harmonics of the current relative to the main harmonic (Table 1, Figure 5 ) were obtained by measuring the LED load on the real operating object of "4100" bridge at the Krasnoyarsk Railway ( Figure 6 ). Figure 7 shows the current in the supply network (a) and the load current with the symmetric non-linear consumption (b). With the filters in the supply network, the current spectrum is practically free of higher harmonics ( Figure 8 ). show the transient process for the symmetrical load with the nonsimultaneous closure of the switch contacts: phase A-65ms, phase B-55ms, phase C-45ms and one can see the process to stop in all three phases in 40mSthe beginning at 45mS, the ending -at 85mSafter the switching on the first filter.
The spectrum of harmonics
The considered symmetrical load mode in real electric networks is practically absent. That is why the analysis of the asymmetrical consumption regime is of greater interest. The ratio of currents in the phases for the asymmetrical mode is presented in table 2. Figure 11 shows the frequency range of the current consumption at an unbalanced load. On the spectral plane, the difference in the load of the phases can be seen. The time characteristic in Figure 12 shows the nature of the current in the power supply network (a) and the current consumption of LED lamps (b).
The type of current curves shows that the network current I (R1), I (R2), I (R3) has the sinusoidal dependence, while the current consumption I (R4), I (R5), I (R6) has the significant distortion due to the influence of the harmonic components of the emission current.
Switching processes under the asymmetric load also need to be analyzed, as well as the factors contributing to overvoltage in the networks. Based on this network type, the critical (permissible) multiplicity of asymmetry is determined at which the 3rd harmonic is 5% of the fundamental harmonic [4] . Figure 15 shows the current spectrum at the 2-fold asymmetry (phase A = 15A, B = 15A, C = 30A). The harmonic of the "zero" sequence with frequency of 150 Hz is 1.7% of the main harmonic. Figure 15 . The spectrum of the network current at the 2-fold asymmetry. Figure 16 shows the current spectrum with the 6-fold asymmetry (phase A = 15A, B = 15A, C = 90A). The harmonic of the "zero" sequence with frequency of 150 Hz is 6% of the main harmonic. Figure 17 shows the current consumption of LED lighting of the 4100 bridge of the Krasnoyarsk Railway. The nature of the current is determined by the influence of the 3, 5, 7 and 9 harmonics as the dominant components in the current consumption. When modeling the spectral composition, the relative values of the harmonics were used (Table 3) When modeling the current consumption ( Figure 17) at the "4100" bridge with the use of the "fourbeam" filters, the mains current remains sinusoidal ( Figure 18 ) that is confirmed by the frequency diagram ( Figure 16 ). Figure 18 . The current in the power supply network of the "4100" railway bridge.
Conclusion
The analysis performed shows that the use of the four-beam passive harmonic filter is more efficient in the three-phase networks. The level of filtering of the harmonic components provides a significant reduction in the non-sinusoidality of the supply current and the improvement in the quality of the power supply of networks with the non-linear consumption [5] .
